D- and B-Meson Semi-Leptonic Decays by APE Collaboration
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Recent results for semi-leptonic decays of and mesons at = 6 4, using the Wilson action, and at = 6 0,
using the Clover action, are reported.
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Semi-leptonic decays of heavy avours play a
crucial role in the determination of the Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements.
decays provide a good test of the method, since
the relevant CKM matrix element is well con-
strained by unitarity in the Standard Model:
0 975. Here we present preliminary re-
sults obtained from a large statistics simulation
performed by the APE Collaboration, using the
Clover action[1], and results obtained by the Eu-
ropean Lattice Collaboration (ELC) [2], using the
Wilson action at = 6 4. The full results of this
work will be published elsewhere [3].
Both the studies were intended to reduce ( )
artefacts: the ELC study by working at a smaller
value of , but with Wilson fermions; the APE
study by working at moderate but with an \im-
proved" action. The results with the Clover ac-
tion suer from severe statistical errors, in spite
of the large statistics. There are two possible
reasons for this: either the Clover action or the
\thinning" procedure. \Thinning" means that we
use only one point out of three, in each spatial di-
rection, when we compute correlation functions.
This procedure is necessary when, as in our case,
the computer memory is not sucient to store
the full quark propagators. There is a systematic
error introduced by \thinning" because we can-
not eliminate high momentum components in the
correlation functions. This error can be shown
to be negligible at large time distances. On the
other hand, by using a small sample of the points,
the signal is destabilized.
Both the studies try to extrapolate the form
factors (FF) to decays using the scal-
ing laws predicted by the Heavy Quark Eective
Theory (HQET) [4]. For the moment this is more
a feasibility study because of the large statistical
errors which amplify in the extrapolation.
Semi-leptonic decays (
) are described in terms of six FF of
which only four are relevant for the decay rates
(see eg. [5]). The relevant information, for each
FF, can be expressed in terms of its value at =
0 and its dependence. In the following, we will
give the main results of the two studies for these
quantities.
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Computation details
Test of Vector Meson Dominance
-meson decays
mesons decays
Other results presented at this conference [11,12] can be
found in these proceedings, see also [13].
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Table 1
# of Action Volume
Confs [GeV]
ELC [2] 15 Wilson 6.4 24 60 3.6(2)
APE 100 Clover 6.0 18 64 2.03(9)
To extract the FF we have computed two- and
three-point correlation functions and followed the
procedure set out in [2]. The lattice setup of the
two computations is reported in Table 1.
To study the dependence of the FF, we
compute the matrix elements with a me-
son at rest, i.e. = 0, and
2 (0 0 0) (1 0 0) (1 1 0) (1 1 1) (2 0 0).
In the APE computation, other values of
the momentum transfer were studied by x-
ing 2 (1 0 0), and 2
(0 0 0) (1 0 0) ( 1 0 0) (0 1 0). Correlation
functions which are equivalent under the hyper-
cubic symmetry have been averaged together.
In g. 1, we compare the FF, computed in the
APE simulation, to the meson dominance predic-
tions, e.g. ( ) = , as a function of
. In the range explored, the behaviour of the
FF is similar to the expectation of meson domi-
nance. From our data, there could be a deviation
from meson dominance at 0, that can be
decided only with more accurate results.
To obtain the FF at = 0 it is convenient to
estimate them from the points with the closest
to zero. In this way one reduces the systematic
eect due to the choice of a particular functional
dependence on .
We report in Tab. 2 the values of the FF at
= 0 obtained by the ELC and the APE Col-
laborations for the ( ) decays. Some re-
sults obtained in the past years are also reported
for comparison . The numbers reported by ELC
are consistent within large uncertainties with pre-
( )
( )
Figure 1. Form Factors ( ) and ( ) as
a function of the momentum transfer .
The curve corresponds to the nearest pole domi-
nance approximation.
vious results obtained at larger values of . The
APE results are still preliminary and have been
obtained by using two dierent procedures, the
so called \ratio"(A) and \analytic"(B) methods,
for details see ref. [2].
One source of uncertainty is the value of the
renormalization constants of the vector and axial
currents, and . ELC computed the vector
FF by using both the conserved vector current
and the local vector current with = 0 84. For
the axial current, the perturbative value =
0 88 has been used. Dierent values should be
used if one assumes boosted perturbation the-
ory[14,15]. In the APE simulation we used lo-
cal currents with = 0 824 and = 1 09, as
determined non perturbatively, using light quark
correlation functions, see ref. [16,17].
As table 2 shows, there is reasonable agree-
ment among the results quoted by dierent au-
thors and the experimental values. The situation
is still confused for for which theoretical and
experimental results have a large spread.
The study of meson decays is of great impor-
tance since it is essential for the determination of
the still unknown value of . mesons cannot
be studied directly on the lattice since the -quark
mass is beyond the present values of . One
possibility is to evaluate the FF in the charm re-
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Table 2
FF at = 0 for the ( ). The numbers obtained by the ELC and the APE Collaboration are
compared to the most recent experimental world average and to previous lattice results. ELC averaged
the vector FF obtained from the conserved and the local vector currents[2].
Ref. (0) (0) (0) (0) (0) (0)
ELC 0.65(18) 0.95(34) 0.63(14) 0.45(33) 1.50(28)
APE (A) 0.71(7) 1.01(15) 0.67(14) 0.67(44) 1.49(33)
APE (B) 0.81(9) 1.09(27) 0.72(16) 0.72(50) 1.49(33)
[5]-[7] 0.63(8) 0.86(10) 0.53(3) 0.19(21) 1.6(2)
[8]-[9] 0.90(8)(21) 1.43(45)(49) 0.83(14)(28) 0.59(14)(24) 1.99(22)(33)
[10]- EXP 0.72(2) 1.12(16) 0.59(4) 0.44(9) 1.90(25)
Table 3
ELC (1st row) and Ape (2nd row) results for
FF.
(0) (0) (0) (0) (0)
0.33(17) 0.21(5) 0.47(28) 0.40(16) 1.7(6)
0.35(9) 0.24(10) 0.6(1.0) 0.5(4) 1.9(1.4)
gion and to extrapolate the results to the bottom
mass. A semi-quantitative study has been per-
formed. We extrapolated by using the behaviour
predicted by HQET up to order 1 [4]:
( )
= (1 + ); = (1 + )
In gure 2 we plot the FF as a function of 1 .
The FF for decays extrapolated at = 0 are
given in Table 3.
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